The additional calcium oxide was designated at 10% by wt in copper-based catalysts. Prior to the catalyst preparation, calcium oxide was prepared by firing natural calcium carbonate (calcite structure) at 850 o C according to the decomposition temperature obtained from thermogravimetric analysis. The modification of basic strength was accomplished by additional Ti(OC 2 H 5 ) 4 or KMnO 4 at 1% by wt to obtain CaO_Ti and CaO_KMn, and then they were calcinated at same temperature (850 o C). CO 2 Temperature Programmed Desorption (CO 2 -TPD) was carried out to investigate the ability to adsorb CO 2 molecules representing the number of basic sites for all calcium oxide. The copper-based catalysts were prepared with 10% weight CaO or modified CaO. The H 2 temperature programmed reduction (H 2 -TPR) was carried out by thermogravimetric analysis under inert gas atmosphere in comparison with the result obtained under 5% H 2 in inert. Addition of calcium oxide into copper-based catalyst gave significant effect on the reduction behaviour.
Introduction
Carbon dioxide is the most well known green house gas effecting on global environment more seriously. The increment of carbon dioxide was mostly from fossil fuel combustion in transportations, electrical power plants and industries which are essentially important for human demand. Although so many energy policies have been launched, the elimination of energy consumption seems ineffective due to highly increasing population. The utilization of carbon dioxide has been recently emerged as interesting topics as it is a chemical source of carbon which can turn to beneficial chemicals via catalytic reactions. The carbon dioxide can directly change to methanol and then dimethylether (DME) or dimethylcarbonate (DMC) which is a starting material for chemical industries. The catalytic material which has been widely used to synthesize methanol is CuO-ZnO catalyst. Up to date, effective condition to produce 98% methanol conversion in industries is operated at high pressure (>atmospheric pressure) and low temperature. Several researches revealed basic surface of the catalyst favoring methanol selection, however methanol synthesis carried out over the catalysts modified by lanthanum [1] , fluorine [2] , zirconium [3] to obtain different basic species was clearly dependent on basic strength [4] . To insist these results, calcium oxide was thus chosen as additive to copper based catalysts in our experiment since it possesses high basic strength. The carbon dioxide temperature programmed desorption and H 2 -temperature programmed reduction of copper-based catalyst were carried out to forecast catalytic activity of CO 2 hydrogenation or methanol synthesis.
Experiment

Materials Preparation
Calcite calcium carbonate (CaCO 3 ) of oyster shells was employed as starting material to produce calcium oxide and modified calcium oxide. The starting material was mechanically crushed and sieved to equivalent less than 350 mesh size, and then calcination under flowing oxygen 30 ml/min ramping to 850 o C for 2 hours. The ramping rate was 5 o C/min. Two precursors, i.e. potassium permanganate (KMnO 4 ) or titanium ethoxide (Ti(OC 2 H 5 ) 4 ), were designated to obtain 1% by weight content of Ti or KMn in the resulting calcium oxide. The KMn precursor was dissolved in distilled water, whereas Ti precursor was sonicated randomly in ethanol to attain suspension of Ti-based fine particles. The resulting solution/suspension was slightly impregnated into calcium carbonate and then dried at 100 o C and calcination at 850 o C for 2 hours. The names of these resulting materials are CaO, CaO_KMn and CaO_Ti, respectively. Additional CaO or modified CaO to copper-based catalyst support (zirconium dioxide, Tosoh ZrO 2 ) was at 10% by weight in physically mixing support of Tosoh ZrO 2 and as-prepared calcium oxide. The copper-based catalysts were prepared by incipient wetness impregnation at designated 10% copper content in the catalysts. The nomenclatures of these catalysts are Cu/ZrO 2 /CaO , Cu/ZrO 2 /CaO_KMn and Cu/ZrO 2 /CaO_Ti.
Materials Characterization
The as-prepared calcium oxide materials were characterized by means of CO 2 -Temperature Programmed Desorption (CO 2 -TPD). We aim to test the catalysts for CO 2 hydrogenation, thus the copper-based catalysts were characterized by means of H 2 Temperature Programmed Reduction (H 2 -TPR) to describe the reduction behavior. The H 2 -TPR profiles were obtained by Thermogravimetric Analysis (TGA). 10 mg of the catalysts was placed on alumina crucible in the TGA furnace. Testing 10 mg catalyst was carried out under N 2 atmosphere and the equivalent testing was carried out under mixture of hydrogen in nitrogen (5% H 2 in N 2 ) as mentioned elsewhere [5] . The Furnace temperature was ramped to 800 o C with heating rate 10 o C/min. The decomposition rate under both atmospheres was calculated as following. Where w i is initial weight of the catalyst 10 mg and dw/dt is the change of catalyst weight at an interval. The rate of hydrogen consumption tends to apparently correspond to weight decomposition rate while no significant loss of weight under nitrogen atmosphere. The consumption of hydrogen used to reduce the catalysts can be calculated by a net different area of weight decomposition between inert atmosphere and %5 hydrogen in flowing inert gas related to the area corresponding to amount of hydrogen consumed in reduction of 10-mg copper (II) oxide.
Results and Discussion
The carbon dioxide temperature programmed desorption profiles were performed in Figure 1 . The amount of carbon dioxide adsorbed on calcium dioxide represents the number of basic sites that can chemically bond to form carbonate species. The amount of carbon dioxide desorption increases while compared with our previous results [6] . This is probably due to prolonging the CO 2 saturation for 6 hours. The desorption temperature of carbon dioxide of all as-prepared calcium oxide samples were found at the position higher than 400 o C, suggesting the high strength of carbon dioxide adsorption sites. The calcium oxide possesses two desorption peaks of carbon dioxide locating at 460 o C and 680 o C, similarly Ti-and KMn-modified calcium oxide exhibits two peak of carbon dioxide desorption. However, modification of calcium oxide is likely to diminish the amount of carbon dioxide adsorption sites at high temperature as reported in Table 1 , thus modified calcium oxide gives the amount of carbon dioxide adsorption apparently lower than that of pure calcium oxide. The copper-based catalysts for methanol synthesis via carbon dioxide hydrogenation were prepared with calcium oxide additives. The zirconium oxide was employed as the catalyst support because the high chemical stability can cause good dispersion of active metal sites. The amount of carbon dioxide adsorption is 3.6 mmol/g, which is the lowest. The strength of these base sites located in the low-to-medium region. The adsorption of carbon dioxide was carried out over copper-based catalyst surface in comparison with zirconia support as carbon dioxide desorption profiles shown in Figure 2 . The all copper-based catalysts are composed of small carbon dioxide desorption peak under 200 o C. This is possibly owing to intrinsic property of zirconia which possessed two carbon dioxide adsorption peaks approximately at 100 and 400 o C, respectively. Third peak of carbon dioxide desorption over Cu/ZrO 2 located around 600 o C was attributed to the ability to absorb carbon dioxide of copper-species sites in good agreement of the increase of carbon dioxide desorption sites of all copper-based catalysts comparing with those of ZrO 2 , CaO, CaO_Ti and CaO_KMn as reported in Table 2 . Wan Isahak W. N. R. et al revealed the formation of copper carbonate after the adsorption of CO 2 heated up until 573 K over Cu 2 O and CuO [7] . The results clearly emphasize that the catalysts composed of calcium oxide additive gave carbon dioxide desorption at high temperature similarly to the desorption sites consisting in CaO, CaO_Ti and CaO_KMn. The significant effect of calcium oxide on reduction behaviors exhibits in Figure 3 . The decomposition of copper-based catalysts composed of calcium oxide was found at 400 o C under nitrogen atmosphere, possibly suggesting the unstable compound of calcium species, whereas the most stable ZrO 2 -supported copper catalyst exhibited under nitrogen atmosphere solely (gray line in Figure 3) . The hydrogen reduction of copper species took a place approximately at 300 o C for Cu/ZrO 2 . Another copper oxide species can react at higher temperature while consisting in calcium oxide-modified catalysts. The calcium oxide seems to retard the hydrogen reduction plausibly owing to a formation of copper-calcium oxide compound. The positions of reduction temperature can determine an effect of metal-support interaction on the formation of less oxidative copper species (Cu Table 2 . The reducibility was based on the actual amount of hydrogen consumed to reduce the 10-mg catalyst per the theoretical amount of hydrogen consumed to reduce the 10-mg catalyst. The ability to be reduced of oxide species consisting in calcium oxide modified copper-based catalyst was maximal compared to others. The reducibility of zirconia supported copper catalyst was only 85% as shown in Table 2 and it was apparently increased while adding the modified calcium oxide to copper-based catalysts, however the higher reducibility was possibly ascribed to the reduction of calcium oxide species consuming more hydrogen content. This may not improve the active metal site dispersion. The calcium oxide species was likely to be more chemically stable under KMnO 4 and TiO 2 modification since we can observe the reducibility of Cu/ZrO 2 /CaO_Ti and Cu/ZrO 2 /CaO_KMn less than that of Cu/ZrO 2 /CaO. The copper-based catalysts were mostly reduced at temperature lower than 400 o C as shown in Figure 3 , thus the temperature at 400 o C was chosen to reduce the copper-based catalysts for 6 hour prior to testing CO 2 hydrogenation. The CO 2 -temperature programmed desorption was carried out after hydrogen reduction at 400 o C for 6 hours to measure the number of base sites for all copper-based catalysts as reported in Table  2 . The reduction at 400 o C for 6 hours increased the number of base sites for copper-based catalysts modified by calcium oxide as reported in Table 2 , whereas lower base content belonged to zirconia supported copper catalyst. These increasing sites deliberated carbon dioxide at high temperature (approximately at 700 o C), suggesting that carbon dioxide chemically bonded to strongly adsorbing sites after the reduction.
Conclusion
The modification of calcium oxide was accomplished by additional Ti and KMn precursors. The modification differ the amount of base sites and the strength of base sites. The amount of highly strong bases was lower under Ti or KMn modification. The modified calcium oxide was employed as additional oxide in copper-based catalysts being difference in carbon dioxide absorption. The reduction temperature and reducibility of copper-based catalysts were significantly different. The reducibility of Cu/ZrO 2 /CaO was the highest and it gave higher reduction temperature, possibly suggesting the metal-support compound formation or strong interaction of metal and support. The addition of Ti or KMn modified calcium oxide can chemically stabilize the catalysts and lowered the reduction temperature.
